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I. INTRODUCTION 
The total contont of organic phosphorus in soils can 
nov; be deterrainQd, and something is known regarding the dis­
tribution of organic phosphorus in different soils. Only 
fragmentary information is available, however, on the nature 
of the orf;anic forms of phosphorus present in soil. 
Inositol liexaphosphate has long been thought to be 
an important constituent of soil organic phosphorus. The 
supposed existence of inositol hexaphoaphate in soil has 
recently been verified by v/ork based on a chromatographic 
separation of this particular form of phosphorus from a 
variety of others. A part of the soil organic phosphorus 
having definite chemical composition thus appears to be 
separable from the remainder, a fact which provides some 
justification for further experimental work on the former 
part as contrasted to that on the latter. 
This thesis is concerned v;ith an investigation of 
phosphorus present in soils as inositol hexaphosphate. The 
objectives of the work described were to adapt the chroma­
tographic separation to use in quantitative work, to obtain 
additional evidence for the nature ol' the substance thought 
to be inositol hexaphosphate, and to obtain evidence on the 
origin and distribution of this substance in soils. 
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II. REVIEW 01^ LITERATURE 
A. Evidence for Inositol Ilexaphosphate in Soils 
There is rather conclusive evidence Tor the presence 
of inositol hexaphosphate in soils. Yoshida (I|-3) obtained 
inositol and inorganic phosphorus upon hydrolysis of soil 
organic phosphorus preparations, Wrenshall, Dyer and Smith 
(I1.2) and Wrenshall and Pyer (Ij-l) found that the soil organic 
phosphorus fraction precipitated with iron had a Fe;P ratio 
like that of knov/n ferric phytate under similar conditions. 
IVrenshall and Dyer (Ij-l) found that the material from soil 
reacted like authentic phytate when subjected to enzymatic 
dephosphorylation. Bov/er (I4.) obtained an iron precipitate 
of soil organic phoaphorus witli an inositol to phosphorus 
ratio that agreed closely v/ith the theoretical ratio for 
inositol hexaphosphate. The filtrate from the iron pre­
cipitation yielded aprecipitate with calcium that had an 
inositol: P ratio indicative of inositol phosphates v/ith 
fewer than six phosphate groups. Boiver (5) demonstrated that 
his calcium precipitate of organic phosphorus from soil v/as 
susceptible to dephosphorylation by an extract of wheat 
bran, v/hich is a source of the enzyme phytase, Tb3 same 
preparation v/as resistant to dephosphorylation by excised 
corn roots and alkaline sodium hypobromlte. These properties 
were similar to those of knovm phytate. Using anion exchange 
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reain chromatofraphy. Smith and Clark (30) isolated or(;;anic 
phosphorus soil components that had dirrereat inositol to 
phosphorus ratios. They demonstrated that one compound from 
soil could not be separated from added inositol hexaphosphate. 
In corn phytate, the hexaphosphate of inositol was the 
organic phosphate most strongly adsorbed by the resin. In 
soils, however, they found an unidentified organic phosphorus 
compound that was more strongly adsorbed than inositol 
hexaphosphate. 
B, Quantitative Determination of Inositol Phosphates in Soils. 
Techniques for the quantitative estimation of inositol 
phosphates in soils were reported by Dyer, vi/renshall and 
Smith (I4.2), Wrenshall and Dyer (Ij.l) and Bower They 
all extracted the orcanic phosphorus from the soil with 
alkali. The alkaline extract v/as treated with bromine, and 
the inositol phosphates were separated by precipitation with 
ferric iron, calcium or both, Jackman (1?) refined the 
procedure of Bov/er (Ij.) by precipitating twice with iron and 
once with calcium. Smith and Clark (30) found a number of 
organic phosphorus compounds other than inositol hexaphosphate 
in precipitates of soil organic phosphorus prepared by the 
method of Jackman, Their findings cast doubt on all previous 
data obtained by chemical fractioiiation. 
Il­
ea Origin of Inositol Ilexaphosphate in Soils 
According to Bonner (3j p. meso-inositol (also 
called i-inositol) is the most v;idely distributed form of 
inositol; it is the main form occuring in plants. Of the 
nine possible isomers of inositol, tlirae others, d-inoaitol, 
l-inoaitol and scyllitol, are known in nature. The d and 1 
isomers occur as menomothyl ethers In trees. Scyllitol 
occurs in acorns, and also in fishes and related species. 
The structure of ineso-inositol was established by 
Dangschat and Fischer (8). Posternak (26) confirmed their 
finding that two of t?ie hydroxyl groups in meta position 
project above or below the plane of the cyclohexane ring, 
while the other four lie to the opposite side. 
f/Iuch of the inositol of plants appears to be present 
in combined form as phytin, the calcium-magnesium salt of 
inositol hexaphosphoric acid. This compound has been found 
in most plants tested, Phytin is usually concentrated in 
the seeds. Very little has been reported in other parts of 
the plant. Some of the workers v/ho have reported the con­
tent of phytin in plazats and plant parts include Hart and 
Tottingham (15)» Webster (Ii-O), Knowles and Watkin (21), 
WcCance and Widdowson (22), and Courtois and Perez (6), 
Tsuda (39)# Ghani (13), and Peperzak (25) found considerable 
phytin in manures. 
Plant residues and animal excreta may thus serve as 
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direct sources of inoso-inoaitol hexaphosphate in soils. 
'.Vhether these sources are important, however, has not been 
investigated, and mij-:ht be questioned. The enzyme phytase, 
which dephosphorylates phytin, is of comirion occurrence in 
plants. Action of this enzyme niij^-ht dephosphorylate nuch of 
the phytin in plants before it has become stabilized in the 
soil. Work of DeTurk, Holbert and Hov;k (10) indicates that 
the content of phytin in corn seed decreases rapidly during 
germination. They estimated that the phytin v/ould be ex­
hausted in ij. weeks. 
Synthesis by microorganisms represents another possible 
route by which inositol hexaphosphate may accumulate in 
soils. Jackman (1?) analyzed some of the samples of soil 
material in which microbial tissvie had been accumulated by 
Thompson, Black and Clark (37)j and found that according to 
his procedure some inositol hexaphosphate had been produced. 
Jackman'3 analytical procedure, however, is not entirely 
specific for Inositol hexaphosphate. Kaila (19) also re­
ported microbial synthesis of inositol phosphates, but her 
method of analysis is even less specific than that of Jackman. 
Smith and Clark (30) reported other evidence for microbial 
snythesis of inositol hexaphosphate. They incubated a 
sample of soil with radioactive inorganic orthophosphate. 
When the organic phosphorus from the incubated sample was 
fractionated on an anion exchange resin column, a high 
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concentration of radioactivity was found in the fraction 
Identified as inositol hexaphoaphate. None of these three 
reports supplies critical evidence; nevertheless, all three 
are in agreement with the hypothesis that the inositol 
hexaphosphate in soils Is in part derived from microbial 
snythesis. 
D. Content of Inositol TIexaphosphate in Soils 
Quantitative estimates of the content of inositol hexa-
phosphate in soils have been reported by Bower (5) and 
Jackman (17)» In samples of tliree representative surface 
soils from lovi/a. Bower found 79 to 113 p.p.m. of phosphorus, 
or 26 to 37 per cent of t,Vie organic phosphorus, in his 
phytin fraction. In eight Iowa soils, Jackman found from 
30 to l[j.9 p.p.in, of phytate phosphorus. Smith and Clark (30) 
fractionated soil phytate precipitates prepared by Jackman's 
procedure and found them to be impure. They estimated that 
inositol hexaphosphate accounted for only 7 to 3^- psr cent 
of the total organic phosphorus in the "phytate" preparations 
from four lov.'a surface soils. These results Indicate that 
the values for inositol hexaphosphate reported by Jackman 
were much too high. 
Essentially nothing is known regarding the factors that 
affect the content of inositol hexaphosphate in soils. 
Jackman (17) found that according to his analytical procedure 
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the content of inositol hexaphosphate in surface samples of 
eight Iowa soils tended to be inversely associated with the 
soil pH. This finding was in harmony v/ith hia evidence that 
iron and aluminum phytates are least soluble betweeen pH 2 
and pH 6, As noted above, however, his method of analysis 
is not entirely specific for Inositol hexaphosphate. 
One micht suspect from Jackman'a findings that the con­
tent of free Iron oxide in soil rnif;ht have an effect on the 
content of Inositol hexaphosphate because of the insolubility 
of the ferric salt. The work of Swenson, Cole and Sleling 
(3it) provides additional indirect evidence. They obtained 
a positive relationship betv/een the amounts of inorganic 
phosphorus and iron removed from soils by citrate. The 
amount of phosphorus removed by a aeries of anions was re­
lated to their ability to complex iron. 
Since the factors responsible for accumulation of soil 
organic phosphorus as a whole should affect to some extent 
the accumulation of inositol hexaphosphate, one would expect 
the content of inositol hexaphosphate to increase with the 
content of other forms of organic phosphorus. Thompson and 
Black (36) and Thompson, Black, and Zoellner (38) found that 
the content of organic phosphorus in soils was positively 
related to the content of organic carbon and organic nitrogen. 
They found also that at a constant level of nitrogen or 
carbon the content of organic phosphorus was negatively 
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associated v/ith pIT, This behavior is in af.rGonient with the 
obaervationa of Ghani and Aloem (ll].), Darascat'-rd-o/z^renson (7)> 
and Kalla (I9) that liming; decroasad the orgaalc phosphorus 
content of acid soils. 
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III. DETERMINATION OF INOSITOL HEXAPHOSPHATE IN SOILS 
Using a chrornato['',i->aphic tochnlque. Smith and Clark 
(30, 31) v/ere able to effect qualitative separations of 
inositol hexaphosphate and a number of its lower phosphate 
derivatives from cori:i phytate and soils. The technique 
seemed to be adaptable to quantitative work. Therefore, 
it was investigated as a method Ibr determining Inositol 
hexaphosphate in soils, 
A. Preliminary Testa 
1. Preparation of materials 
A soiirce of phytate v^as prepared from crude corn phytate 
by first folloivlng the purification procedure described by 
Jackman (I?)* A dilute solution of the resulting calcium 
phytate in 0.5 H hydrochloric acid was then prepared. A 
suspension of nucleic acid was prepared by suspending yeast 
nucleic acid in water and removing the larger particles by 
centrlfuglng. Pai'tially hydrolyzed nucleic acid v/as pre­
pared by heating a suspension of yeast nucleic acid in 
0.5 N sodium hydroxide for about 3 hours on a steam plate 
and then removing the coarse particles by centrlfuglng. Soil 
phytate was separated from a quantity of surface soil by the 
method of Jackman (17)» The final iron precipitate v/as 
dispersed in distilled water, made alkaline with sodium 
hydroxide, and warmed to flocculate the precipitate of hydrous 
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ferric oxide. The ferric oxide precipitate was removed by 
centrifugint; and washed with some hot distilled v/ater. The 
supernatant liquid and v/ashings were retained as a stock of 
soil phytate phosphorus. 
Adsorption columns were prepared usinjj the anion ex­
change resin De-Acidite", Before use the 60 to 80 mesh resin 
was thoroughly washed with 2 N hydrochloric acid followed by 
0,1 W hydrochloric acid. This latter washing v/as necessary 
because the rosin slirinks in the presence of high concen­
trations of hydrochloric acid. The resin was supported on 
a glass wool pad in a glass tube about 30 cm. in length and 
1.2^ cm. in internal diameter. The bottom end was drawn out 
to attach rubber tubing and a glass tip. A screw clamp on 
the section of rubber tubing controlled the flov/ rate. Enough 
resin to provide a bed 1.25 cm. by li^. cm. was placed in the 
tube in the form of a slurry. Several iiiverslons of the 
tube were necessary to obtain uniform settling of the resin. 
After settling, the resin v/as washed with 0,1 H hydrochloric 
acid. Excess resin was removed from the top of the bed by 
suction. 
2, Separation of meao-inositol hexaphosphate 
To investigate the separation of meso-inositol hexa­
phosphate from other organic phosphorus compounds, allquots 
of acid solutions containing yeast nucleic acid, hydrolyzed 
_ 
The Perrautit Company, 330 West ij.2nd Street, New York, 
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yeast nucleic acid, corn phytato, and soil phytato were placed 
on separate adsorption columns. The aliquots v/ere allowed to 
settle alov/ly into the columns. Collection of the eluate v/as 
started with the solution removed from the coltunns upon 
addition of the aliquot containing the organic phosphorus. 
The eluate was collected in 50-i^l» fractions. Mien the liquid 
had settled to the top of the resin bed, a tube was attached 
to the top of the column to supply eluting solution automat­
ically. The first nine fractions were eluted v/ith 0,5 N 
hydrochloric acid. The acid concentration was increased to 
1.0 _N for the next 11 fractions. The organic phosphorus in 
the eluate vma obtained by taking the difference between 
inorganic phosphorus and total phosphorus. Inorganic phos­
phorus v/as determined by the method of Diclcman and Bray (?)• 
To obtain total phosphorus, aliquots were oxidized v/ith 
perchloric acid, and inorganic phosphorus v/as determined in 
the resulting solutions. 
The chromatograma shown in F'igxire 1 indicate that the 
large peak from the corn phytate could easily be separated 
from the nucleic acid phosphorus, which came through the 
column more quickly. There was considerable organic phos­
phorus from soil that came through the column at the same 
time or later than the large peak from corn phytate. 
Since a large part of the organic phosphorus from corn 
phytate did not come out of the column until it was eluted 
with 1 N hydrochloric acid, an atteir.pt was made to find the 
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Figure 1. Elution of various sources of organic phosphorus 
from De-Acidita columna by hydrochloric acid. 
The concentrationa of acid added v/as 0,5 N during 
collection of the first 9 fractions and 1~N 
during collection of the last 11 fractionsT 
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proper voliame and concentration of acid to remove all but 
the final peak that was thought to be the hexaphosphate of 
inositol. The columns from the previous experiment were 
thoroughly washed with 2 N hydrochloric acid and then with 
0,1 N hydrochloric acid. A 10-ml. aliquot of corn phytate 
solution containing 8^0 of organic phosphorus was placed 
on each column. Separate coltmins were eluted v/ith O.^^O, 
0.665, O.Tlf-O, and O.8L1.7 N hydrochloric acid, IVhen SOO ml, 
had been collected at a rate of about 1 ml. per minute, the 
concentration of acid eluting all columns was increased to 
l,07lf N, and fractions were collected. 
Tho organic phosphorus eluted by the I.07I.I- W hydro­
chloric acid is plotted in Figure 2. It is apparent that in 
tho first three colurans there are two peaks coming through 
after the acid strength was Increased. The first one is 
small, and probably represents an inositol phosphate with 
fev/er than six phosphate groups. The large peak represents 
meso-inositol hexaphosphate, as will be shown in a subsequent 
section. In the fourth column little if any of the small 
peak v/as left after elution v/ith ^00 ml. of 0.8i(.7 N hydro­
chloric acid. 
The preceding experiment indicated that all but the 
meso-inositol hexaphosphate could be eluted with ^00 ml. of 
about 0,85 W hydrochloric acid. To find the most desirable 
concentration of acid and rate of elution, nine similar 
iK 
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WITH 500  Ml .  OF  0 .559N HCl  
PRELIMINARY ELUTION 
WITH 500  Ml .  OF  0 .665  N  HCl  
PRELIMINARY ELUTION 
WITH 500M1.  OF  0 .740N HCl  
N  A  RY ELUTION 
WITH 500  M 0847  N  
5  10  15  2  
NUMBER OF 50 -MI .  FRACTIONS 
Elutxon or organic phosphorus by 1.074 IT liydro-
chlorlc acid from De-Acidit© columns or^vlously 
treated with corn phytate and oluted with hydro­
chloric acid of various concentrations. 
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columns were char god v;lth the same amount of corn phytate. 
Three columns were eluted with 0.820 ttoee v;lth 0.850 ^  
and three with 0*930 ^  hydrochloric acid. At each concen­
tration, one column v/as regulated to eluto 60 ml. per hour, 
one i\.0 ml. per hour, and one 20 ml. per hour. After 500 ml, 
had been collected, the eluting solution was changed to 
I.2I4.O N hydrochloric acid. The elution patterns shown in 
Figure 3 Indicate that 0.85 N hydrochloric acid apain removed 
all but the raeso-inositol hexaphosphate. The 0.820 N acid 
did not remove all the loss strongly adsorbed material, while 
at the fast rate the 0.930 ^  acid removed some of the 
hexaphosphate. 
On the basis of the foregoing experiments it v/as ex­
pected that 500 ml. of 0.85 N hydrochloric acid would elute 
all the organic phosphorus but the meso-inositol hexaphos­
phate. To confirm this supposition, and to compare columns, 
some of the phytate solution was placed on each of I3 columns. 
From the previous work it was estimated that the aliquot 
used contained 33ij->u.gKi» phosphorus as meso-inositol hexa­
phosphate. After eluting the columns with 500 ml. of 0.85 N 
hydrochloric acid, they were eluted with 250 ml. of l,2l\. N 
hydrochloric acid. These 13 volumes contained an average 
332.6 i 0.5yugm. of organic phosphorus. The range was 6/igm. 
or 1.8 per cent of the total of the hexaphosphate peak. The 
results v/ere thus reproducible v;ith a satisfactory degree of 
precision. 
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Figure 3, Elution of organic phosphorus by l,2[j. N hydro­
chloric acid from De~Acidlto coluxrtns previously 
treated with corn phytate and eluted with hydro­
chloric acid of various concentrations at different 
flow rates• 
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To further test the separation procedure, a quantity 
of rneso-lnoaitol hexapliosphate v/aa prepared from corn phytate 
by chromatofjraphyf as described above. Allquots of this 
material v/ere re-run on other columns. In this second run, 
99.I4- per cent of the plioaphorus was found in the meao-inositol 
hexaphosphate fraction. 
The pure preparation of meso-lnositol hexaphosphate 
obtained by chromatography was then used to investigate the 
recovery of meso-inositol hexaphosphate upon addition to 
another source of the same compound. Triplicate chromatograph­
ic separations were run on 10-ml, aliqviots of 0,^ N hydro­
chloric acid extracts of three manures and on the extracts 
plus the purified meso-inositol hexaphosphate. The analyses 
recorded in Table 1 show that the average recoveries of 
added hexaphosphate ranged from 99to 101 per cent. The 
highest standard error was I.I4. per cent. The satisfactory 
degree of recovery provides an additional test of the quan­
titative nature of the technique. 
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Table 1. Recovery of neao-lnosltol liexaphosphato added to 
manure extracts 
Sample Pho sphorus as meso-inositol hexaohoaphate 
no. 
Added Found 
yu-gm. 
Recovered 
yu_gm. 
Recovered 
per cent 
17 0 1395 
17 1395 2315 111.20 ± 23.8" 101.9 i l.V" 
28 0 [1.62 
28 1395 1869 l[}.07 i 5.6 100.0 ±. O.Ii. 
29 0 2.1 
29 1395 II1.IO 1383 i: 17.i|. 99.1 ± 1.2 
'standard error. 
B. Tests v/lth Inositol ITexaphosphatea from Soil 
1. Extraction and preliminary purification. 
Determination of inositol hexaphosphates in soil by 
the chromatographic procedure involves the important pre­
liminary steps of extraction from the soil and of concen­
tration of the desired material in a system compatible with 
the exchange rosin being used. The jrnethod of Mehta, et al. 
(2li.) was used, with minor modifications in soil to extractant 
ratio, to separate the organic phosphorus from the soil. This 
method involves aerial extraction of the soil with strong 
acid and strong alkali. Alkaline extracts of soil usually 
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contain larf:G ainoinita of darlc-colored or,'2,nnic inaterial. 
Since this Material flocculates on acidification, and seals 
the poros in the reain bod, it was rer.iOved before precipita­
tion of the inositol hexaphosphates. To accomplish the 
removal, the alkaline extracts were raade about 2 N to hydro­
chloric acid by adding the coucentratod reagent. The system 
was warmed to flocculate the orcanic matter, which v;a3 then 
readily removed by centrifuging. Since some v^orkers found 
some organic phosphorus in it, the precipitate was redispersed 
and v/ashed tv/ice with portions of hot 1:10 hydrochloric acid. 
To concentrate the inositol hexaphosphate, the acid 
extract of soil and the cleared alkali extract v;ere combined. 
The pIT was adjusted to 1,7 to 1,8 in the presence of an 
excess of iron. In this pTI ran^e Jactonan and Black (18) 
had found almost complete precipitation of inositol hexa­
phosphate using an Pe: P ratio of 1:1. The excess of iron 
present in the extracts employed by the author presumably 
minimized the solubility of the ferric salt of Inositol 
hexaphosphate. The precipitate was flocculated by warming 
on a hot plate axid separated from the supernatant liquid by 
csntrlfuging. The precipitate v/as dissolved in a minimum of 
0.85 N hydrochloric acid and transferred quantitatively to 
a De-Acidlte column prepared in the manner described above, 
2, Separation of compounds 
It was noted above that with corn phytate meso-inositol 
hexaphosphate was the last orf.anic phosphorus compound to be 
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olvited from the column. Smith and Clark (30, 31) found that 
soil pViytate was eluted In a similar pattern, but that an 
additional unidentified compound could be eluted after the 
inositol hexaphoaphate by the use of 2 N hydrochloric acid. 
Experiments with organic phosphorus preparations 
obtained from soils in tlie manner described In section III-
A-1 verified the existence of an organic phosphorus compound 
corresponding in its elutlon behavior to inositol hexa-
phosphate from corn, and a second more strongly adsorbed 
organic phosphorus compound corresponding in its elution 
behavior to the unidentified compound of Smith and Clark (30)• 
These compounds v;ill bo called, respectively, "meso-inositol 
hexaphosphate" and "the supposed isomer of inositol hexa-
phosphate". Evidence that they are such will be reported In 
a subsequent section. The two compounds could be separated 
if, after the preliminary elutlon with ^00 ml. of 0,85 N 
hydrochloric acid, the resin bed v/as eluted v/ith 2^0 ml. of 
l.ij-O W and 2^0 ml. of 3 N hydrochloric acid. The meso-
inositol hexaphosphate v;as removed by the 1.1].0 H acid, and 
the supposed Isomer by the 3 N acid. The compounds were 
cleanly separated in this way. Periodic checking showed that 
the concentration of organic phoaphorua in the eluate v;as 
reduced essentially to aero in tiie last 3'0~ml« fraction of 
the 250 ml. of l.i|. N hydrochloric acid eluate. The concen­
tration of organic phosphorus in the eluate was again reduced 
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to zero by the time 2^0 ml. of 3 ii hydrochloric acid oluate 
had been collected. Whenever meso-lnositol hexaphoaphate 
from corn was eluted on parallel columns, it was measured 
quantitatively in the ml. of l.lj N hydrochloric acid 
eluate. 
The precision obtained in I'loasuremonts of inositol 
« 
hexapboanhates in soils vfas not as good as that found in the 
preliminary v/ork with solutions. The results of duplicate 
extractions and separations made on samples of two soils 
by the procedure described belov/ are shown in Table 2 as 
an example. The poorer results with soils can probably be 
attributed to the accumulated errors of extraction, removal 
of orgaxiic matter and precipitation. None of these steps 
were Involved in the preliminary work with solutions. 
Table 2. Duplicato analyses of samples of tv/o soils for tv/o 
Isomers of inositol hexaphosphate 
Microf';raina of phosphorus per gram of soil 
Soil no. rteao-inositol Supposed isomer of in-
hexaphosphate ositol hexaphosphate 
F-731 ilO.O 29.0 
F-731 35.6 
F-732 20.If. 17.6 
F-732 17.17.2 
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C. Identification of the Corapounda 
The organic phosphorus compound from corn phytate that 
was moat strongly adsorbed by the resin was thou^^^ht to be 
inositol hexaphosphate. Confirmation of the Dresence of 
inositol in the compound was obtained by tv/o qualitative 
chemical tests* Both the Scherer (29) and Salkowski (2?) 
tests for inositol v/ere positive. 
In the unhydrolyzed form, the compound from corn did 
not cause prov/th of the or£^anl3m Gaccharomyces carlsber^renajg, 
v/hich requires inositol for grov/th, and is used in the 
Sonna and Sobotka (33) assay for inositol. Vrtien the com­
pound was hydrolyzed, it promoted growth of tlio organism, 
thus verifying the presence of inositol in combined form. 
Quantitative measurements showed that the ratio of inositol 
to phosphorus was 0,97 — 0,09 (five determinations), which 
does not differ significantly from the theoretical value of 
0.968 for inositol hexaphosphate. These results indicate 
that the compound In question is inositol hexaphosphate. 
They verify the work of Smith and Clark (30, 31)* 
The hydrolysate of the inositol hexaphosphate from corn 
was tested also by the response of muLant of Heui'ospora 
crassa, v/hich requires Inositol for growth, and is used in 
the assay of Beadle (2). A positive response was obtained. 
The organism did not respond to the unhydrolyzed inositol 
hexaphosphate. Schopfor, et al, (23), found that this 
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Neuroapora crasaa mutant responds to the meso form of inositol, 
but not to the d form or to scyllitol. It responds only 
slightly to l-inositol. These four isomers of inositol repre­
sent the four found in nature. The remaining five isomers 
have not been found. The evidence from these tests indicates 
that inositol is present, that the inositol is in combined 
form and that the inositol present is the meso-isoraer. 
The foregoinf'- tests establish beyond reasonable doubt 
that the most strongly adsorbed organic phosphorus compound 
from corn phytate is an inositol hexaphosphate. The inositol 
is probably the meso isomer. The compound from soil eluted 
in the I.I4. N hydrochloric acid fraction gave identical tests 
v/ith the organisms and identical chemical tests. The 
average inositol to phosphorus ratio of O.9O "i 0.14.9 (two 
determinations) obtained for the compound from soil was not 
as close to the theoretical value as V;QS the case v/ith the 
compound obtained from corn. In view of the experimental 
error of the measurements, hov/ever, there is no reason to 
think that the compound is not identical vrith the meso-inositol 
hexaphosphate from corn. 
The organic phosphorus compound from soil that was 
eluted after the meso-inositol hexaphosphate was hydrolyzed 
and used in tests v/ith both the organisms described above. 
A negative test wag obtained with each. On the other hand, 
both the Scherer (29) and Salkowski (27) tests for inositol 
2[i. 
were positive. Those are both qualitative chemical testa. 
From the combined results of the microbiological and chemical 
testa, it appears tliut the compound contains inositol of an 
Isomeric form different from that in the compound described 
above and presiamed to be the nieso form. The alternative 
possibility that inositol is absent and that the compound 
present ia merely of sufficient similarity to give the same 
chemical teats cannot be ruled out on the basis of the 
evidence at hand. 
No measurements of inositol to phosphorus ratio were 
made, since the microorganisms employed for the inositol 
assay did not grow on the hydrolysate. The compound did con­
tain phosphorus in organic form, however, and the fact that 
it v/as strongly adsorbed by the resin indicates the presence 
of a number of negative groups. Smith and Clark (31) found 
that inositol phosphates with fewer than six phosphate 
groups were held leas strongly on the resin than the hexa­
phosphate. One would then expect that another isomer of 
inositol phosphate that was held more strongly than meso-
inositol hexaphosphate v/ould not have fewer than six phosphate 
groups• 
The evidence for the nature of the most strongly adsorbed 
organic phosphorus compound isolated from soil is thus not 
in disagreement with the hypothesis that the compound is an 
inositol hexaphosphate in v/hich the inositol is of different 
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Isomeric form than that tentatively established as the 
nieso form. In the absence of siifriclent positive evidence 
for the exact nature of the compound, however, it v/ill be 
referred to as the auppoaed iaoiner of Inositol hexaphosphate, 
D. Detailed Procedure 
A sample of air-dry soil v/as v/ei^^hed Into a 
f?0-ml. centrifuge tube, 20 ml, of concentrated hydrochloric 
acid were added, and the soil and acid wore stirred. The 
tube was placed in a hot water bath until the acid juat 
started to boil. This gave a temperature of 70°C. The tube 
v/as immediately removed from the water bath, and 20 ml, of 
concentrated hydrochloric acid v/ere added. The suspension 
was agitated with a glass stirring rod and allowed to stand 
for 1 hour at room temperature. The suspension was centri-
fuged, and the clear supernatant liquid v;as retained in a 
covered beaker. The soil was dispersed in 30 nil. of distilled 
water and centrlfuged again to remove most of the remaining 
hydrochloric acid. This supernatant liquid was added to the 
original. The soil was dispersed in 30 rnl, of 0.5 ^  sodium 
hydroxide and allowed to stand 1 hour at room tamperature. 
The suspension was centrlfuged, and the supernatant liquid 
v/as retained in a separate beaker. The soil was redispersed 
in 30 of 0,5 ^  sodium hydroxide, and the tube was covered 
with an inverted 50-ril» beaker and placed in an oven at 90°C 
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for 3 hours. The tube was roinoved from the oven and cooled. 
The suspension was centrifugod, and the supernatant liquid 
was added to the previous alkali extracts. 
To precipitate the dark-colored orj^anic material, 20 ml, 
of concentrated hydrochloric acid were added to the combined 
alTiali extracts. The resulting solution v^as about 2 K with 
respect to hydrochloric acid. The beaker v/as warmed on an 
electric hot plate to flocculate the dark-colored organic 
material, which vms then removed by centrifuging. The clear 
supernatant liquid was added to the acid extract from the 
soil. The precipitate was tv/ice suspended in 20 ml. of hot 
1:10 hydrochloric acid and recontrifuged. The supernatant 
liquid was added to the acid extract in both cases. 
The pH of the combined acid solutions was carefully 
adjusted to pH 1.7 to 1.8 with concentrated sodium hydroxic3e. 
Extra ferric iron was added if it appeared to be needed to 
insure quantitative precipitation of the ferric phytates. 
The precipitate v/as flocculated by warming on a hot plate. 
The precipitate was centrifuged and washed once with 20 ml. 
of very dilute hydrochloric acid solution having'; a pH of 
1.8 or above. 
The precipitate was dispersed and largely dissolved in 
about 20 ml. of 0.85 N HGl. This solution was quantitatively 
transferred to an exchange column charged with 1.25 x lIi- cm. 
of the chloride form of De-Acidite. The column had previously 
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been washed v/ith 3 ii hydrochloric acid, and then with 0.85 
N hydrochloric acid after which it had been dispersed and 
v/ashed again with 0,85 H hydrochloric acid. IVith a graduated 
flask beneath the coluxnn to collect the eluate, the sample 
was allowed to settle into the resin bed at a rate of one 
drop every 3 seconds. When the liquid level reached the sur­
face of the resin bed, the inner sides of the glass colmn 
v;ere washed dov/n with enough 0,85 N hydrochloric acid to 
leave 1 inch of eluting solution above the resin bed. The 
top of the colunm was closed ivith a one-hole stopper, 
through which 0,85 ]i hydrochloric acid eluting solution was 
supplied automatically by a siphon airangeraent from an over­
head supply. The flov/ tiirough the column v/as controlled to 
one drop every 3 seconds by means of a screv/ clamp on the 
rubber tubing leading from the bottom of the exchange column. 
'.Vhen 500 i^l« the 0,85 N hydrochloric acid eluate had been 
collected, the eluting solution was changed to l.Ii-O W hydro­
chloric acid, and 250 ml. of eluate were collected in a 
volumetric flask. The eluting solution v/as then changed to 
3 _N hydrochloric acid, and another 250 rnl. were collected in 
a volumetric flask. 
To prepare the column for the next determination it was 
v/ashed with a few ml. of 0,85 Ji hydrochloric acid. The resin 
was resuspended in 0,85 N hydrochloric acid by stopping it 
and inverting it a nvimbor of times. The rosin v/as then 
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allowed to settle and v/as v/aahed again with 0.85 W hydro­
chloric acid, 
Inor/7;anic phosphorus was deterrnincd by the method of 
Dickman and Bray (11). The total phosphorus was determined 
by dicQsting an appropriate aliquot v/ith 0,$ iril, of perchloric 
acid in a l?0-ml. beaicer. When the funies of perchloric acid 
appeared, the bealier was covered v/ith a watch glass. The 
beaker was removed from the hot plate v/hen the condensing 
line of the perchloric acid was about half way up the aide. 
The solution was not allowed to evaporate completely. 'A'hen 
the beaker had cooled, the v/atch glass and the aides of the 
beaker were washed v/ith a small amount of distilled v;ater. 
The perchloric acid vjas carefully neutralized with 1:1 
ammoniiam hydroxide, using one drop of a saturated water solu­
tion of p-nitrophenol as the indicator. Phosphorus was again 
determined by the method of Diclcman and Bray (11). In both 
cases, the phosphorus in the solution v/as estimated by com­
paring the transmlttance v/ith standards, using a Coleman 
spectrophotometer v/ith the wave length set at 675 Stand­
ards were prepared containing all the reagents, and the 
appropriate blank v/as set at 100 per cent transmlttance. 
Organic phosphorus v/as obtained by subtracting inorganic phos­
phorus from the total phosphorus. The organic phosphorus 
in the l.l|- N hydrochloric acid eluate v/as reported as meso-
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inositol hexapliosphate. The organic phosphorus In the 
3 N hydrochloric acid eluate was reported as the supposed 
isomer of inositol hoxaphoaphate. 
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IV. ORIGIN OP INOSITOL IISXAPIIOSPIIATE IK SOIL 
Inositol hoxaphosphate in seeds has usually beon assumed 
to be the source of inositol hoxaphosphate in soils. The 
enzyme phytase, hovjevor, can readily dephosphorylate ino­
sitol hexaphoaphate. Since seeds contain phytase, it is 
possible that most, if not all, of the Inositol hexaphosphate 
in seeds could be dephosphorylated before it becomes sta­
bilized in the soil. 
Material that precipitated as phytic phosphorus had 
previously been extracted from a subsoil in v^'hlch microbial 
tissue had been accumialated. This observation suggests 
that microorganisms mipht be a source of inositol hexa­
phosphate. 
A. Plants 
1. r.^aterials and methods 
To study the rate at which the inositol hexaphosphate 
disappears during germination and growth, corn seeds were 
germinated and analyzed for phytic phosphorus. Twenty-five 
kernels of single-cross hybrid corn, la i|298, were weighed 
into 3-lnch petri dishes. Whatman No. I4.O filters that had 
been placed in the bottom of the petri dishes were moistened 
v/ith 5 nil« of distilled water. The dishes were covered and 
placed in a germination room maintained at 29 to 30°C. Water 
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was added periodically to aid [iorinination anc later to keep 
the soedliriga grov/ing. One dish was removed from each of 
four replicates daily. The seeds, roots, and shoots were 
separated from the filters and dried overnight at 60°G. The 
whole dried plant material was ground to pass a No. 20 screen 
with a laboratory model Wiley mill. After l6 days the ex­
periment was terminated, since considerable putrefaction 
had started to occur. 
As this experiment was conducted before the development 
of the chromatofiraphic method, the samples were extracted 
with 0,5 N hydrochloric acid, axid phytic phosphorus determined 
by the method of Peperzak (25). In this procedure, phytic 
phosphorus is precipitated with an excess of iron under 
mildly acid conditions. The organic phosphorus in tlie pre­
cipitate is reported as phytic phosphorus. Later vjork by 
the author indicated that such precipitates contain some 
organic phosphorus other than inositol hexaphosphate. 
2, Results 
The average content of phytic phosphorus In the germi­
nating corn seeds is plotted In Figure Ij., Before germination 
the seeds contained an average of 1322/xgm. of phytic phos­
phorus per gram. After 6 days, most of that had disappeared. 
Sixteen days after germination v/aa initiated, moat of the 
samples contained no phytic phosphorus by this procediore. 
Inositol assays by the method of Sonna and Sobotka (33) were 
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run on tho precipitates from the ungerinlnated corn and the 
germinated material. Those revealed that the Inositol to 
phosphorus ratio averaged I.09 in 22 determinations on the 
precipitates from ungerminated seeds and 1,66 in 12 deter­
minations on the precipitates from germinated seeds. Since 
the phytic phosphorus precipitate from the ungerminated corn 
had an inositol to phosphorus ratio very close to the theo­
retical value, 0,968, it may be presumed that is was largely 
Inositol hexaphosphate. In the later stages of the experiment 
the phytic phosphorus precipitate probably contained a con­
siderably smaller proportion of inositol hexaphosphate. 
Therefore, Inositol hexaphosphate may disappear from germi­
nating corn even more rapidly than indicated by Figure If. 
Unless inositol hexaphosphate can diffuse from the seed, 
there would appear to be little opportunity for accumulation 
of inositol hexaphosphate from this source in the soil. 
B. Microorganisms 
1. Materials and methods 
To test the hypothesis that inositol hexaphosphate in 
soil could be of microbial origin, microbial tissue was 
accumulated in inorganic materials in which no inositol 
hexaphosphate could originally be detected. Two incubations 
were conducted. The first, initiated November 18, 19^0, was 
with ij-OOO gm. of calcareous Clarion subsoil, acid Shelby 
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subaoil, and silica sand. A fourth material was prepared by 
mixing, 1000 gm. of Cherokee kaolinite v/lth 3000 gxn. of silica 
sand. The materials were spread on separate 20 by 30-inch 
Kiotal trays that had been painted with asphaltum. Each 
material was moistened with about 1 liter of distilled water 
and 200 ml, of a 2 per cent solution of soluble starch. 
The media were inoculated with 5 ml» of a water extract of 
three surface soils (Vifebster clay loam, Garrington silt loam, 
and Marshall silt loam) • The trays were placed in a germi­
nation room at 30°C and covered with sheets of wrapping paper 
to reduce evaporation losses. The raaterials were periodically 
mixed and moistened, 
Hoagland and Snyder's (l6) solution containing 0.821 gm. 
of Ca(K02)2» 0.506 gm. of KNO^, O.I36 gm. of KHgPO^ and 
0,120 gm, of MgSO|^ per liter was added to each material at 
the rate of 100 ml. on November 21, 1950, and 100 ml. of 
10 times the above strength on June 10, 195l« One hundred 
ml. of a 10 per cent solution of analytical grade sucrose 
were added to each material on December 21, 1950, January 1, 
1951» April 21, 1951* and May I7, 1951* Two hundred ml. of 
2 per cent starch solution were added to each on March 1, 
March 18 and June 10, 1951. On April 21, 1951j 5 gm, of 
NHj^NO^ and 2.5 gin. of KHgPOj^ were added in solution to each 
material. The incubation was terminated on August 20, 1951. 
The materials were allowed to dry. They were then ground and 
retained for analysis in mason jars. 
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In a second incubation in 1933j SOO-gm. quantities of 
Guelph subsoil, Shelby subsoil, silica sand, and a 1 to I4. 
mixture ol" Wyominjfj; bontonite and silica sand were placed in 
Neubauer dishes. A nutrient solution was prepared from 
reap;ent grade chemicals v/ith the following components and 
concentrations in grams per liter: sucrose, 200; KH2P0j^, 2,2 
Kci, 1.7; caci^. 2H2O, 0.5; MgS0|^ , o.5; Feci^, o.oi; 
MnSOj^, 0.01; K^C^H^O^. II2O, 10; (NH^)2S0j^, l55 and NII^NO^,! 
One hundred ml. of this solution were added to each culture 
initially and again 6 weeks later. 
The materials were Inoculated initially with a v/ater 
extract of a mixture of Burford loam. Hunt clay loam and 
Orangeburg sandy loam and placed in an incubator at 20°G. 
The dishes were covered with cheese cloth to reduce evapora­
tion. The materials were mixed and moistened at weekly 
intervals. 
After a few weeks, even the sand had a good growth of 
microorganisms and had developed considerable structure. The 
Incubation was suspended in June of 1953> and the material 
allowed to dry. The dry material was ground and stored in 
polyethylene bags. 
The original materials were tested for organic phos~ 
phorus. One-gm. samples of the subsoils and the clays were 
extracted for organic phosphorus by the procedure of Mehta 
(?3)» No organic phosphorus was detected in the calcareous 
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subsoils or in tho clays. Tho Shelby subsoil contained 
3.7/< gnu of organic phosphorus per gram. IVhen l5-£m. samples 
of the Sholby subsoil were extracted and analyzed by the method 
of Jacknian (17) > no organic phosphorus was precipitated as 
phytic phosphorus. 
After incubation, samples of each of the materials 
v/ore extracted by the method of Mehta, _ot aj^. (2I4.)» Because 
these materials contained little of the dark-colored, acid-
insoluble orpanic raatter characteristic of soils, the stop in 
the procedure for precipitatlnE and removing the dark-colored 
organic material from the alkali extract vms omitted. The pH 
of tho combined acid and alkali extracts v/as adjusted to 1,7 
to 1,8, and iron was added to insure proclpitation of any 
phytates present. The system was warmed to flocculate the pre­
cipitate, which v/as then separated by centrifuging. The precip­
itate was dissolved in a minimum of 0,85 K hydrochloric acid 
and transferred to De-Acidite columns as described above, 
A detailed chromato£';ram v/as obtained by analyzing each 
^0-ml fraction of the eluate for organic phosphorus. The 
concentrations and quantities of hydrochloric acid used to 
elute the columns v/ere the same as those described In sec­
tion III-D. A column charged v/ith purified meso-inosltol 
hexaphosphate was elutod in parallel, 
2. Results 
The pure meso-inosltol hexaphosphate was in the first 
tv/o fractions of the l.L;, H hydrochloric acid eluate. In 
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the same fractions, an organic phosphorus compound v/as eluted 
from the columns charged v/ith preparations from the incubated 
materials. Another organic phosphorus compound was eluted 
when the eluting solution was changed to 3 ii hydrochloric acid. 
The two compounds were eluted in exactly the same fashion 
as the two isomers of Inositol hexaphoaphate found in soils. 
Since chromatography provided no evidence that the compounds 
produced by microorganisms differed from rneso-inositol hexa-
phosphate and the supposed isomer of inositol hexaphosphate, 
the compounds were presumed to be identical. The evidence 
indicates, therefore, that the rneso-lnositol hexaphosphate 
and more especially the supposed isoiner of Inositol hexa­
phosphate in soils may be of microbial origin. 
The content of organic phosphorus and the two isomers, 
as v/ell as the terminal pH of the incubated materials, are 
recorded in Table 3* organic phosphorus content ranged 
from 9*^ to 99*5/tgm* of phosphorus per gran; of incubated 
material. The content of the raeso-inositol hexaphosphate 
fraction ranged from 0 to l.l6 jj-gm. of phosphorus per gram 
of Incubated material. The content of the supposed isomer 
of inositol hexaphosphate ranged from 0.12 to 2.li).yiigm. of 
phosphorus per gram. The content of the meso-lnositol hexa­
phosphate was alv/ays the smaller of the two, averaging 
per cent of the content of the supposed isomer of inositol 
hexaphosphate. 
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At a constant level of total organic phosphorus, the 
inositol hexapliosphate tended to increase with decreasing pH, 
with one notable exception, namely, the bentonite-sand jnixture. 
In this medium, the inositol hexaphosphate content v/as inor­
dinately high, perhaps because of stabilization by adsorption 
on the extensive surface provided by the bentonite. 
Table 3« Organic phosphorus, inositol hexaphosphate isomers, 
and pH in incubated materials 
Micrograms of phoaphorua per piram 
Materials Terminal Me so-ino­ Supposed Total 
Incubated pH sitol hexa­ isomer of organic 
phosphate inositol phos­
hexaphos­ phorus 
phate 
Silica sand^ 6.35 0.13 0.20 ll+.O 
Kaolinite sand^ 7.28 0.00 0.12 11.Il-
Clarion subsoil^ 7.2)4. O.OI4. 0.12 
Shelby subsoil^ 6.35 0.36 1.30 33.7 
2 
Guelph subsoil 7.11}. O.Oii. 0.20 2l^..O 
2 Shelby subsoil 6.01 0.92 2.lii. 99.5 
Silica aand^ 5.12 0.52 0.96 9.1v 
2 Bentonite sand 6.36 1.16 1.96 10.1 
^Incubated in 19^0. 
2 
Incubated In 1953* 
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V. COKTENT OP INOSITOL HEXAPflOSPHATE IN SOIL 
Because of information available in the literature, it 
v/as thought that the content of Inositol hexaphosphate in 
soil mifdit be related to the pTI and to the content of free 
iron oxide and other forras of or^':anic phosphorus. Accordingly, 
samples of various soils v/ere analyzed, and the hypotheses 
were tested statiatioally. 
A. Materials and Methods 
Samples of h^') surface soils v/ere selected to represent 
Iowa and much of North America. Twenty-one of the samples 
analyzed wore collected by Thompson (35)» who used them in 
studies of organic phosphorus in virgin and cultivated soils. 
They had been collected from adjacent virgin and cultivated 
sites. Three samples from Ontario were selected as repre­
sentative young soils from the cool temperature region. 
Three samples from Texas v/ere used to represent older soils 
from the southern U. S. The remaining soils were from a 
number of states and the province of Saskatchewan. These 
latter samples had been collected in connection with a series 
of cooperative phosphorus fertilization experiments con­
ducted in 1951 (9)* 
The pH was determined on a 1:1 soil to water slurry 
using a Beckman glass electrode pH meter. The free iron 
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Tftblo \x. The pH, froo iron oxido, total organic phoephorus 
total inositol hexaphoaphnto, and total orgoni 
in Baraplea of U9 soils from 
File Ho. Soil typo Looation 
Groat Boll 
aroup^ pH 
^•731 (V) Grundy silt loam 
?'-752 (c) clrunrijr silt loam 
F-733 (V) Haig silty olay loam 
F-75U (C) Haig silty olay loam 
r-755 (V) Fdina silt loom 
P-73t' (C) Edina silt loam 
""737 (v) Soymour uilt loam 
F-758 (c) Seymour eilt loasa 
F-739 (V) Hayden silt loam 
I''-7^ 0 (c) Hayden allt loam 
(v) MuBoatino ei It losuo 
F'-jUh (C) Maaoatino eiit loom 
F-751 (v) Tama tilt loam 
F-752 (C) Taiaa eilt loam 
F"755 (v) Wobeter silty olay loam 
P-756 (C) l^ebster eilty olay loaiu 
^•"757 (V) Wobster olay loam 
P-758 (0) Webster olay loam 
F"7^ (V) Edlna eilt loam 
F-766 (c), Edlna eilt loam 
F-770 (C) Houston olay 
51582® Davidaon olay loa® 
51565 Appling fine candy loam 
515G'U Qroseolose allt loam 
51587 Haotlnga allt loam 
51607 Hunt olay 
516124. Caribou loam 
51616 Vfaukegan silt loam 
51617 Fargo jsllty olay loam 
51618 "Msrohall-llko" silt loam 
51619 Barnes silt loam 
51621 Ida Bilt loam 
51(^2 ^lusoatine silt loam 
5I623 Flliott allt loam 
51621; Moody oilt loam 
51626 Barnos loan 
51627 Fox sandy loam 
'il628 Innm 
Iowa 
lom 
Iowa 
Iowa 
lotfm 
Iowa 
Iowa 
Iowa 
Iowa 
lona 
lovra. 
la«ra 
Iowa 
Iowa 
Iowa 
Iowa 
Iowa 
lovra 
Iowa 
Iowa 
Texas 
Virginia 
Virginia 
Virginia 
Hebraeka 
B 
B 
iV 
W 
PI 
PI 
n 
B 
GBP 
GBP 
b 
B 
B 
B 
W 
V) 
W 
n 
n 
c 
RYP 
RYP 
GBP 
PI 
Miesiseippi G 
Kain© P 
Minaooota B 
Minnesota C 
Minnesota 0 
MinnOBota C 
Iowa R 
Illinois D 
Illinois B 
S. Dakota C 
S. Dakota c 
Miohigan GBF 
5.6 
6.3 
5. a 
6.8 
6.0 
5.5 
5.3 
6.6 
6.1[> 
5.5 
5.5 
5.9 
5.6 
6.5 
o.i^  
6.7 
6.1 
5.2 
5.2 
7.2 
6.6 
5.I4 
6,1 
5.Q 
7.it 
I1.9 
6.0 
7.7 
7.0 
6.6 
7.6 
5.U 
5.0 
6.3 
6.6 
6.5 
xlde, total organic phosphorua, ineBO-inositol hexaphosphato, other inositol hexaphosphato, 
exaphosphato, and total orgtmio phoaphorue IOBB total inositol hexaphosphete 
in samples of ii9 soils from the United Statoe and Canada 
Croat Boil 
group^ pH 
Free iron 
oxide 
mgjn. I'e/gm. 
Total orgauio 
phoophoruB 
>»gnu P/gn. 
McBo-inoBitol 
hexaphosphste 
jagm. P/gm. 
Other inoBitol 
hoxaphuaphate 
i^gm. P/gm. 
Total inoB 
hexaphoBph 
Mi!®' P/c 
B 5.8 7.9 502 35>.6 31.0 66.6 
B 9.0 212 10.9 17 .i4 30.3 
« 6.3 10.0 3U.0 39«l4. 73.U 
5.0 10,2 308 39.6 12.6 52.2 
n 6.6 9.0 iv35 36.1 17.3 55.it 
PI 6.0 6.7 280 19.U 6.2 27.6 
n 5.5 . 10.9 398 61.i4 17.0 Jd.h 
B 5.5 8.0 276 30.1 6.If 36.5 
flBP 6.6 6.2 2kh 144.0 16.1; oOmU 
GBP 6.1^  5.7 88 18.5 3.1 21.6 
B 5.5 7.6 iiiiO 55^9 29.0 8I4.9 
B 5.5 10.8 308 51.2 16.1;- 67.6 
Q 5.9 11.1 UO8 21.0 8.8 29.8 
B 5.6 11.9 359 2U.0 10.3 3^ -1.3 
W 6.5 9'k 366 2k.2 ll.ii 35.6 
1iV 6.1). 11.8 272 35.9 21.8 57.7 
w 6.7 9.0 322 17.0 11.1 20.1 
w 6.1 9.7 256 lU.! 9.5 23.6 
PI 5.2 8.2 3li5 31.7 12.U UU.l 
PI 5.2 9.5 252 29.0 B.6 37.6 
G 7.2 6.5 138 •2.2 2,k 14.6 
.a RYP 6.6 75.0 lai 15.9 I4.O 19.9 
.a HYP 5.^ 4 1+.1 60 16.5 3.8 20.3 
la GBP 6.1 16.2 55 12.1 h.k 16.5 
m. PI 5.8 6.6 186 12.8 6.6 19.1^  
sippi G 7.i^  21.3 92 2.9 2.5 5-h 
P lu9 lU.O 110 33.8 23.2 57.0 
>ta B 6.0 10.1 23B 27.5 13.1 i»0.6 
>t«. C 7.7 6.1 227 18.8 17.1 35.9 
>ta 0 7.0 lO.ii 272 26. U 31.1 57.5 
}ta c 6.6 11.0 i4i46 50.2 22.2 52. U 
B 7.6 11.0 72 3.5 l.U ij.9 
Ls B 5.U 10.5 267 146.0 21.3 67.3 
Ls B 5.0 12.9 28J+ 33.2 15.U ii.8.6 
>ta C 6.3 10,7 396 2J4.e 22.0 I46.8 
jfta. C 6.6 9.7 260 16.5 12.1 2B.6 
in GflP 6.5 0.7 116 26.U a.8 35.2 
«80-inoEitol hexaphosphato, otlaer inositol hexaphoaphBto, 
hosphoruB IOBB total Inoeitol hoxaphosphate 
United State8 and Canada 
Total orgRnio 
phosphorus loss 
iron 
de 
e/gm. 
Total or^anio 
phoophorua 
/igau r/gm. 
Moso-inoBltol 
hexaphosphste 
jjsgm. lygm. 
Other inoBitol 
hoxaphoaphate 
Aigm. r/ijm. 
Total inooitol 
hexaphosphato 
MS". P/cm. 
total Inositol 
hexaphosphato 
jstgm, P/Em. 
9 502 55.6 31.0 66.6 £35 
0 212 I8.9 i7.it 36.3 176 
8 3i42 3i<.o 39.it. 73.U 2£J9 
2 jJOB 39 <>6 12.6 52.2 256 
0 3S.1 n-'j 53M 370 
7 280 i9.il 8.2 27.6 252 
9 3ye 61 17.0 IBM 320 
0 276 30.1 B.lj. 38.5 238 
2 16.1; OOmU icU 
7 88 1Q.5 3.1 21.6 66 
6 iOiO 55.9 29.0 8ii.9 355 
8 30a 51.2 Ib.iU 67.6 2ij0 
1 iiOB 21.0 8.8 29.8 378 
9 359 2li.O 10.3 3/4.3 325 
366 2U.2 ll.ii 35.6 350 
6 272 35.9 21.8 57.7 2li; 
0 522 17.0 11.1 20.1 29ii 
7 256 lif.i 9.5 23.6 252 
2 31^ 5 31.7 12 .i+ lOi.l 301 
5 252 29.0 8.6 37.6 21U 
5 138 2.2 2.i^  . li.6 153 
0 181 15.9 i;.0 19.9 161 
1 60 16.5 3.8 20.3 iiO 
s 53 12.1 I4..J4. 16.5 37 
6 186 12.8 6.6 19.4 167 
3 92 2.9 2.5 3'h 67 
0 110 33.8 23.2 57.0 53 
1 23B 27.5 13.1 140.6 197 
1 227 1Q.8 17.1 35.9 191 
U 272 26. 31.1 57.5 21)4 
0 WJ6 30.2 22.2 52. 39U 
0 72 3.5 l.ii I4.9 67 
5 267 i^ 6.0 21.3 67.3 200 
9 28U 33.2 15.1+ 1)8.6 235 
7 396 2U,(i 22.0 46.8 3ii9 
7 260 16.5 12.1 2B.6 233 
7 116 2b.h o.a 35.2 81 
1 1'51 2ll.5i ill.7 T 1 0 
F-7U5 (V) Muaoatino Qilt loam lovYa H 
F-7i4lj (c) MuBoatinc ollt loom Iowa B 
F-751 (V) T&ma «ilt loam Iowa B 
F-752 (C) Tftma eilt loam lovm B 
F-755 (V) vVebeber oilty oiay loaia lOtttl fi 
F-756 (C) .^'obator (sllty olay loam Iowa W 
F-757 (V) (Yobater olay loajn Iowa 
F-758 (0) Websttyr olay loaai lorm K 
F-765 (V) Fdina silt loam Iov« PI 
F-76t. (c). Kdina silt loam Iowa F1 
F-770JC ) 5)OU5ton olay Texas (} 
51562° Davidaon olay loam Yirf^inia RYP 
51565 Appling fine candy loam Virginia RYP 
51581+ Groseolose eilt loam Virginia 0I3P 
51567 UaetingB silt loam Mebraeka PI 
S1607 Hunt clay J.'iEEiBBippi G 
5161U Caribou loam Plaino P 
51616 'A'aukesan silt loam Minnesota B 
5I6I7 Fargo silty olay loam Minnesota C 
51613 "ifcrBhall-like" silt loara Minn£?sota B 
5I6I9 Barnes silt loam Minnesota C 
51621 Ida Eiilt loam Iowa R 
51622 Kusoatine silt loam Illinola n 
51625 Flliott silt loam Illinois a 
516?j^  Moody Bilt loam S. Dakota c 
51626 Barnoa loam s. Dakota. c 
51627 Fox eandy loam Michigan GBF 
51628 Miami loam Miohigan GBP 
51629 Fargo olay K. Palcota C 
51651 Fdgeley silt l<mm N. Dakota C 
51651 Davidoon sllty olay loam Virginia RYP 
51652 Norfolk loamy aand N. Carolina RYP 
51752 ?if©lfort ailty clay loaa i'laskatohewan f; 
- rialdimand clay loam Ontario f5BP 
- iVolford clay loam Ontario BF 
m Famer loam Ontario BF 
5^ 4-6° Austin olay loara T0X66 G 
5I4-71 Kaoogdooheo eandy loam Tflxas RYI' 
5ii-80 Lufkln fine sandy loom Texas ?1 
5.5 
5.5 
5.9 
5.6 
6.5 
o,i+ 
6.7 
6 . 1  
5.2 
5.2 
7.2 
6.6 
5'h 
6.1 
5.B 
7.1) 
lu9 
6.0 
7.7 
7.0 
o*6 
7.8 
5.U 
5.0 
(J,3 
6.6 
6.5 
6.8 
6.2 
6.2 
6.5 
6.It 
o.O 
6.0 
6.8 
7.7 
7.7 
5.6 
5.1 
loA'a osmple numboro "v" and "c" refer to virf.;;in and cultivated oamples, rospeotively. T 
eoil. 
^JSDA oample numbers. 
"Toras aaniplo nurabers. 
d 
B « brunisem, W o fVioaonboden, PI « planoeol, Of5I' a gray-brown podzolio, <3 o r,rumofiol, H 
5.5 7.6 iii»0 rj5.9 29.0 81). 9 
^•.5 10.8 30Q 51.2 16.14. 67.6 
!?.9 11.1 iiOS 21.0 3.8 29.8 
5.6 11.9 359 2U.0 10.3 3J.I.3 
6.5 9J4 3(1)6 2I4.2 ll.li 35.6 
11.8 272 35.9 21.8 57.7 
6.7 9.0 322 17.0 11.1 28.1 
6.1 9.7 256 lU.l 9.5 23.6 
L 5.2 6.2 3ij5 31.7 12.1+ Ml. 1 
L 5.2 9.3i 252 29.0 8.6 37.6 
7.2 6.3 138 2.2 2.I4 i;.6 
fP 6.6 75.0 lai 15.9 l+.O 19.9 
iP 5.i4 U.l 60 I6.5 3.8 20.3 
3P 6.1 16.2 53 12.1 It.l-j- 16.5 
L 5.8 6.6 186 12.8 6.6 19.14-
7.U . 21.3 92 2.9 2.5 5.ii 
h*9 IC.O 110 33.8 23.2 57.0 
6.0 10.1 238 27.5 13.1 it0,6 
7.7 6.1 227 18.8 17.1 35.9 
7.0 10.14 272 £6.14 31.1 57.5 
6.6 11.0 i4i!46 30.2 22.2 52.2+ 
7.8 11.0 72 X K • • J' I.I4 1+.9 
5.ii 10.5 267 1+6.0 c;i.3 07.3 
5.0 12.9 sah 33.2 15.U l.iB.6 
6.3 10.7 396 2i). G 22.0 146.8 
6.6 9.7 260 16.5 12,1 26.6 
BP 6.5 6.7 116 26.1^ 8.8 25.2 
BP 6.8 lO.l 151 2iu3 114.7 39.0 
6.2 7.6 299 17.1 3.8 25.9 
6.2 5.2 255 21.7 17.7 39.14 
YP 6.5 118.2 238 7.8 3.7 11.5 
YP 6.i4. 2.8 8.2 2.0 10.2 
6.0 ll.l 1)28 61.9 36.6 98.5 
BP 6.0 12.9 271 32.8 IQ.U 51.2 
IF 6.8 ll>.0 283 3i|.2 23.1 57.3 
IF 7.7 10.7 232 37.9 17.5 55. U 
f 7.7 1.3 51 2.7 1.5 l4.0 
lYP 5.6 68.6 72 5.3 3.6 9.1 
'1 5.1 1.7 it5 8.1 i4.3 12.U 
samples, rospeotively. The aemple number of the oultivatad soil ie always one grsater themi that of i 
[ 
Ipodzolio, a a grumoool, RYP » red-yellow podzolio, P a poditolj, C » oheroozetn, H s regoacl, BF a brovn 
•6 i.i;0 55.9 29.0 8lu9 355 
.8 30Q 51.2 16.1+ 67.6 2lj0 
.1 li,08 21.0 8.8 29.8 57s 
.9 359 PM'O 10.3 314.3 
2)4.2 ii.U 35.6 350 
.8 272 iJ5.9 21. a 57.7 2li; 
.0 322 17.0 11.1 20.1 291+ 
'.7 256 11+. 1 9.5 23.6 252 
1.2 31.7 12.1+ l+li. 1 301 
u5 252 29.0 8.6 37.6 211+ 
».3 138 2.2 2.h U.6 133 
i.o 151 15.9 il.O 19.9 161 
v.l 60 16.5 3.8 20.3 ho 
5.2 55 12.1 1+.1+ 16.5 37 
'),6 186 12.8 6.6 19.1+ 167 
L.3 92 2.9 2.5 5.14 87 
3.0 110 33.8 23.2 57.0 53 
>A 25B 27-5 13.1 IjO.O 197 
i.l 227 18.8 17.1 35.9 191 
3,14 272 So.U 31.1 57.5 £llj 
1.0 U-i6 50.2 22.2 52.il 39U 
L.O 72 3.5 l.il 1^.9 67 
3.5 267 1+6.0 21.3 67.3 200 
2.9 2814 33.2 i5.lt ijB.6 235 
3.7 296 2lt.6 22.0 !i6.8 3U9 
i?.7 260 16.5 12.1 2B.6 233 
6.7 116 26.1+ 8.8 35.2 81 
0.1 151 2l+,3 II4.7 59.0 112 
7 *o 299 17.1 8.8 25.9 273 
5.2 255 21.7 17.7 39.lt 216 
3.2 238 7.8 3.7 11.5 226 
2.8 liO 8.2 2.0 10.2 30 
1.1 lj28 61.9 36.6 98.5 350 
2.9 271 32.8 iS.li 51.2 220 
ii.O 283; 3I1.2 25.1 57.3 226 
.0.7 232 37.9 17.5 55.14 177 
1.8 51 2.7 1.3 i4.0 it7 
>8.6 72 5.3 3.Q 9.1 63 
1.7 U5 8.1 1>.3 • 12,i| 33 
Tho afiiaplo number of the cultivated soil is alimys one greater than that of th® oomparabl® 
) 
:RYP m red-yellow podzolic, P » podisol, C • ohernoaem, 1? s rHgoacl, BF b brora foreot. 
1+1 
oxide v/aa extracted usinj;' aodivun citrate with dithionita as 
a reducing agent by the method of Aguilera and Jackson (1). 
The iron in the extract v/aa determined using ortho-phenan-
throline by the method reported in Snell and Snell (32, 
p. 316-318). Tho color was compared to standards using a 
Coleman Universal Spectrophotometer with a wave length of l|-90 
myJ. Organic phosphorus was determined by the method of 
Wehta, £t (2l(-). Meso-inoaitol hexaphosphate and the 
supposed isomer of inositol hexaphoaphate were determined 
by the method outlined in section III-D. The values obtained 
for these five properties of the soils are reported in Table 
l\., along with derived values for the total inositol hexa­
phosphate and other organic phosphorus. 
B. Relationship between Isomers 
The content of meso-lnositol hexaphosphate ranged from 
2.2 jjigm, of phosphorus per gram in the Houston sample to 
61.9 yugm. of phosphorus per gram in the Melfort sample. The 
concentration of the supposed isomer of inositol hexaphos­
phate ranged from I.3 of phosphorus per gram in the 
Austin sample to 39*^y^E'^« one of the Haig samples. The 
quantities of these two substances were correlated. The 
content of the supposed isomer averaged about 5I4- P©r cent of 
the content of the meso-form. The correlation coefficient 
(r = 0,728) was significant at the 1 per cent level. The 
k2 
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PHOSPHORUS AS M ESO-INOSITOL HEXAPHOSPHATE 
PER GRAM OF SOIL,  j jgm. 
Figure 5* Phosphorus present as moao-inoaitol hexaphosphate 
and as supposed inositol hexaphosphate isomer in 
samples of lj.9 soils. 
i+3 
relationship between the two laomers ia plotted in l''igure 5« 
In further correlations the sum of the two substances 
was used because both substances were thought to be inositol 
hexaphosphates. Results would probably be little different 
if calculated on the basis of the iiieso-form alone, however, 
because the correlation between the content of meso-inositol 
hexaphosphate and the suni of the two forms was highly signif­
icant (r = 0,959)* 
The value of approximately 2 for the ratio of the phos­
phorus present as meso-inositol hexaphosphate to that present 
as the supposed isomer in soil organic phosphorus is rather 
different from the ratio of approximately in microbial 
organic phosphorus accumulated in soil materials. Since the 
supposed isomer of inositol hexaphosphate is apparently pro­
duced by microorganisms and not by plants, the difference 
in ratios suggests that most of the meso-inositol hexaphos­
phate in soils is residual from plants. Various other explana­
tions can, of course, be advanced to explain the observations. 
C. Relationship to Other Soil Properties 
The content of inositol hexaphosphate in the [|.9 soils 
tested was associated to some extent with the pH, the content 
of free iron oxide, and the content of organic phosphorus 
other than inositol hexaphosphate, as indicated by the equation 
p^ r - 6.13 pH - 0.231 PQ 4-0.117 Pq-t- 53 
t 3.51 i 0.130 ± 0.025 
where - p.p.m. of phosphorus as Inositol hoxai^hoaphate, 
Fe - parts por thousand of Iron aa free iron oxide, and 
PQ = p.p.m. of organic phosphorus in forrns other than 
inositol hexapbosphate. The fi(-ures directly below the re-
fTeasion coefficients aro the standard errors associated v/ith 
the respective coefficients. The significance of the re­
gression of PjL on each of the three independent variables, 
independently of correlations between the latter, was made 
by the analysis of variance method described by Kempthorne 
(20, p. 38~yi-)* making this tost, the reduction in sura 
of squares attributable to the regression of Pj|_ on pll and Fe 
jointly, after taking into account the regression on p^, was 
compared with the sum of squares not attributable to regres­
sion on any of the three variables. This reduction in sum 
of squares was not significant at the ^ per cent level. In 
addition, the reduction in sura of squares attributable to 
the regression of p^ on p^, Independent of pH and Pe, v/as 
compared to the sum of aquarea not attributable to regression 
on any of the three factors. This reduction was significant 
at the 1 per cent level. These tests show that, of the vari­
ables tested, only the fraction of organic phosphorus other 
than inositol hexaphosphate v/as of significant independent 
value In predicting the amount of inositol hexapliosphate in 
soil. 
The equation for the simple regression of Inositol hexa-
100 
0 100 200 300 400 500 
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Figure 6. Phosphorus present as inositol hoxaphosphate and 
in other organic Torms in [1.9 soils. 
1,.6 
phosphate on or.rnnlc phosphorus in othor forrna Is as follows: 
p^ z •+ o.126PQ + 13.6 
±0.026 
The standard error of tlie coefficient i s  located diroctly 
heneath it. T)ie (•rrnphical relationship of inositol hoxa-
phosohate and or;fai.iic r>'ri03phorus in ot'ner forms is presented 
in Fifuro 6. 
D. Relations/lip to 3oll Treatinont 
It has often been liypothosized that the Inositol hexa-
phosphato in soil is !r:oro resistant to decojiiposition than 
the othnr components of soil organic phosphorus. To test 
this hypothesis, the ratio of phos-morus as inositol hexa-
phosphate to other organic phosphorus was calculated for 
the ton pairs of virgin and cultivated soils from Iowa. The 
averare ratio for the cultivated soils was 0,19).|.3 to 1 while 
that for the virgin soils was O.iglj-^ to 1. The hypothesis 
that these r.-'tios are differexit is obviously rejected. Since 
the test provides no evidence thot the rrAtios are different 
it is prosurned tliat inositol hexaphosiihate and orf-anic phos­
phorus in other forms are deconiposed at about the same rela­
tive rate. 
VI. SUMMARY 
A method v/aa developed for the quantitative determina­
tion of two cojiiponenta of soil organic phosphorus. The 
method involves differential elution of the compounds by 
dilute hydrochloric acid from a bed of the weak-base anion 
exchange reain De-Acidite, One component was identified aa 
an inositol hoxaphoaphate, in which the inositol was probably 
present aa the meso isomer. Tlie other component was less 
accurately identified. It v/aa suspected to be an isomer of 
inositol hexaphosphate. 
The two inositol hexaphoaphatea made up l6 per cent of 
the organic phosphorus fraction in samples of Ij.g siorface 
aoils. The content ranged from p.p.m. to 93 p.p.m. About 
two-thirds of the total v/aa meao-inositol hexaphosphate and 
one-third v/aa the auppoaed isomer of inositol hexaphosphate. 
The content of inositol hexaphosphate waa positively asso­
ciated with the content of organic phosphorus in other forms. 
The regreaaion of inositol hexaphosphate content on the con­
tent of other forma, independent of pH and free iron oxide, 
waa significant at the 1 per cent level. The content of 
inositol hexaphosphate v/aa not aignificantly associated with 
aoil pH and free iron oxide content independently of the con­
tent of other forms of organic phosphorus. 
Some evidence v/aa obtained that the inositol hexaphos­
phate and the other organic forms of phosphorus do not 
[,.8 
decompose at different relative rates in soils* 
Evidence was obtained that soil microorpianisras syn­
thesize both meao-inositol hexaphoaphate and the supposed 
isomer of inositol hexaphosphate, as a result of which part 
of the Inositol hexaphosphate in soils appears to be 
microbially derived. 
The value of approximately 2 for the ratio of the 
phosphorus present as meso-inoaitol hexaphosphate to that 
present as the supposed Isomer in soil organic phosphorus 
is rather different from the ratio of approximately 0,5 for 
the same substances in the organic phosphorus produced by 
soil microorganisms. Since meso-inositol hexaphosphate is 
found in plants and the supposed isomer apparently is not, 
it was speculated that most of theidaso-inositol hexaphos­
phate in soils is residual from plants. Some of the meso-
inoaitol hexaphosphate and all the supposed isomer of 
inositol hexaphosphate are presumably of microbial origin. 
t^-9 
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